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| (S4)r,Ue: DEFORMABLE WELL SCREEN AND METHOD FOR m INSTALLATION 
I (57) Abstract 

A dcfocnublc well screen for 
preventing migration of solid particles 
into a hydrocarbon production well 
comprises at least one substantially 
tubular filter layer of which the sieve 
opening size remains fairly constant or 
gradually changes in a predetermined 
and uniform manner during or after 
expansion and/or other deformation 
I of the screen. Optionally the screen 
prises a series of cncumfcrcntialry 
scaled filter segments (4) that are 
J arranged around an expandable slotted 
cube (3). an expandable slotted Cube 
of which the slots are filled with resin 
coated granules, an expandable slotted 
I tube with micro-slots, an assembly 
I wovcn <n«*l wire screens that axe 
sintered together and/or a synthetic 
geotextile. 
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DEF0RMA8LE WELL SCREEN AND METHOD FOR ITS INSTALLATION 
The invention relates to a well screen f nr 

toraatron mineral, gravel proppInt " ° Eh " 

hydrocarbon production ° * 

More particularly, th e i„».„ tioll relaCe3 „ , „ 

Ul P a "xcies that are to b* hi^l. j ^ 
screen. blocked by the 

apocui:.;,::";;,;:^-— — - — 

known screen may further- 

and use. 9 during installation 

Only a minor deformation of the fii- 
already result in variation of \h ^ 
may hamper a proner 11 ! " Xew ° penin * <*hich 

Fu«h P^formance of the screen. 

i--urtnermore sand screens of k,. l. 

throo 9 „ Che sieve opening ITZ ZJT " 

a ot cne screen, strong wear of 
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th. screen and an increaee<J 

screen and o£ q£ ^ «* the 

prohW a " ° bje " « '"""ion Co alleviite chMe 

a»d/,r fluidised duri ' ««P»nded. bent. „»p« BS<sd 

• ."ellbor, and that .„ v.! 2 

«*e of the screen as . result of ! 0peni "9 
—in. within Predetermined 

-reccion th^obe"^ 1 ™ ~ - - — 
sieve opening s iM of .. ch ^ * « the 

feirly constant or varies in . layer ""sins 

"»ifor» ^u,., duri * * ""^determined and 

defection of tne scre e T " °"" 

c« be set at least 'partly'^Tr" 1 " 9 Pt ° t ""»e !•»«, 
formation or Perforated".'.^ —dine 

vsshouts and doglegs, .here the ho-nT""*' *"* " 
irregular that still , borehole wall is , 0 

expanded screen a es nZrT" "» 
Pieced in ^ gap to ensuTa" * 
contact between the screen andT " ""chanical 

*"-"r t te screen .rrd^"^ ■ 
arranged around an eraand.Hi . ° invention is 

"« internal dia^teTo^'.' 10 " 5 '' ^ ^uces 
curing installation of the s '° "* *■"«««*• 

wellborn while th<! variation^ni" 1 " "* eM>llr in « 

«ch fUter l, y . r of the * » «~ <»>c„ing sire o, 

~- - the screen is lis. ^ ~ ~ 
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A suitable expandable slotted tube for U3e with fh 
screen is disclosed in the specification of * 
international patent ap P l ication PCT/Ep 

Th,s p ri or art reference discloses that a wL • 
such as a sintered metal screen or membran L^" 9 
applied around an expandable slotted liner tH 
sand fro. entering the borehole, but ^ ? ^ 
create a wrapping which is itself exp dab l^'pri ^ 
art reference also discloses that b v P X ° r 

In a preferred embodiment the screen a r^o 
invention comprises a series of soiled fill" 9 "° 
which are arranged around an expand . llllfT • 
tube and which, when seen in aTir^ 

are connected at one edoe , erential direction, 

edge at least part" o^rl ! ^ " 

= n the lid fuL- r- 

flexible pebble „t.rUl » hieh is « lected fr<Jm _ 
coZ^ * P " £0 "" d — ' — Plate 

Tn * metal Wlres ^ a synthetic fabric 

In another preferred embodim»«^ *u 

borehole wall have been fill.* • 

. b^ „ ch chac _ ^ « - - . „ : by 

3iz. reealn between the granulee 'elected 

< he '.bodies the .lotted tube c„ be 

expanded to , dia«t«r which -y be 50* . 
««~ o f the eroded tebe" Th.^™^ 
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of the screen remains substantial!*, 

Ur g e «p, neicn although ™ * " * S ^ 

stretcheo in a cireu„f. rential a «c »" s * h " tS " y *" 
friction.. force . „ d « tl » " • «-U of 

contraction of the eiotted 

expansion process. wring the 

In a suitable embodiment the screen * 
the invention comprises ^cording to 

at least one tubular filter layer which • 
woven metal wire screen; and ° f a 

an outer protective layer whi^K 
the filter layer or layers and tin™ 117 * 
which is fitted eo.^^ ^ lnn " Protective layer 

layers, which protective layer Z^F^T" ^ ~ 

metal wire screen having a ^er 1!" 3 ^ 

wire thickness than at Last 2 To tne f^Y"* ^ 

and wherein the filter and protective lave"! T™' 
together. ective layers are sintered 

A principal advantage of sinterina th. 
of woven metal wire screen together i! ^/"^ ^» 
screen having a section moduL which is " * 
sum of section moduli of the TrJZ T , th " n the 

results in a robust screen of C n " ^ 
-t change significantly during or aft TT 
which make the screen coilanl! ! deforroatio " 

installs- < . coll able around a drum and 

installable into a well by reelino i-k» 
drum. y reeling the screen from the 

Optionally at least one filter i a , 

which are oriented in a k ^ Com P ris ^ wires 

wtiencea in a substantial ] v k^i - 

pattern relative to a central"! , 

It ha. heen fra4 ™ ~ ^ -een. 

<S • then iocaa eXo^t »J/or 
shortening caused hy exoan.i™ and/or 

hendins of the tnhnLH".^^:^" 10 " 

-U he d .f_ d to a ^ .T 
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A tubular b, ving a halical w<!av 

b. cogently „a„„ f act„rad £co „ sh „ ts Qr ™ Z 

"*»»ti.n y parallal and „ orral to c l ™™ 9 

— «. or scrips iMO . helicall ; 

tubular abapa havl„ g abutti„ g ad g es. aad nl<siag ™ 
abuttrn 3 ad g a. to^tbar. as la dona for a«a*p,a £ or 
helically welded metal tubes. 

It is observed that SU patent specification 

I;! 0 "' 628 f SClOSeS that * "reen can be made by 
scrolling six layers of metal filtration cloth around a 
Perforated metal tube and then sintering the pack 
However in t , e k ^ ^ _ 

adiacent LV ^ «»" the of 

ad acent layers to partly block the sieve 

ad ]aC ent layers which will red uce the effective sieve 
opening in a rather irregular and unpredictable way 

Other screens are disclosed in US patent 
specification Nos. 2,858.894 and 3.087.S60 and in a sales 

:: U " ° f ^ B ° eCker Cm »* -reens s^r 

under the trademark "POROPLATE" . 

It is observed that US patent No. 3,353 599 
discloses the use of a corrugated liner which is 
brought into a tubular shane h v 

and hh,r no P y expansion mandrel 

and that US patent Nos. 2.812,025 and 3,270.817 
disclose spring actuated expandable penneable well 
liners. The use of a corrugated liner or a spring 
mechanism, however, may cause large forces during the 
expansion process which may damaao m, b „ 
. lu ~y aan >age the screen provided 

by the expanded liner. 

In an alternative embodiment of the screen 
according to the invention the screen comprises at 

fZic 0 " ? ter layCr WhiCH " ially made of a 

fabric, such as a needlefelt. Suitably the needlefelt 
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comprises a material selected f™» *u 
wires and synthetic fib™ t 9rOUP ° f 3teel 

fibres are Z*HH ^ ° Ptl ° nally ^ S ^-ic 
— Polymer ^ * ~ - 
resastance. -CARILOH- poller is a lineafalte " 
-polymer of carbon monoxide and one or Ire " ^ 
olefimcally unsaturated compounds EuroZ 
specifications Nos . 360.3S 8 1L 310 mT /^^ 
methods for the manufacture of fibL of tH " 
by gel and melt 8 p inning . „J£Z y P re f " ^ 
filter layer comprises an elongate f^ - Y ^ 

- wound in an overlapping heUcI at™' T* 
tubular shape, whereby advent windin ^e an 
overlap 0 f between 10% and 9o% , prefer L ly ^ 

- placed wi thin U-tx^"^^ "»« 

Preventing sand from .^t^^^."^ 
used in this prior art r.f.™- ™»»J«. The liners 

hevin 9 a l.„ g th o £ .Tl^SVT"" "'^ Sl °" 
0.7 «. Altho^h this taZ 3 " idth ° £ " lMst 

r ~ i« c th : j^rn rrir/r sand 

having a uniform and well def inPfl Md SCreen 

interaction between non-aligned relet!!*, T * th ' 

Therefore, in yet another alternative v~>- 
tureen aceordi„ g to the ^Z t Z ^T" * 

ere ,rran g ed in . staggBred a „ d oy . r 
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which slots substantially have a length less than 10 ™ 
before expansion of the tubular body. 

Preferably the micro-slots substantially have before 
expansion of the tubular body a length less than 5 mm and 
a width less than 0.3 mm. 

A principal advantage of the use of a single 
expandable sand-screen with micro-slots over the use of 

™ i n ° n - ali ^ d ^rge slot 

is that it generates a screen with a more regular 
substantially diamond- shaped sieve opening si 2e after 
expansion. " er 

Suitably the expandable tubular body with micro-slots 
s made of nickel and has a wall thickness which is els 
than X „. In order to profcect such a 1-s 

~ r aft6r iR8tallati - ^ is Pre ^ed Z 

ZZ J T Y C °- aXial ^ conventional 
expandable slotted liners having larger slots ^ a 

larger wall thickness than the body. Suitably these 

protective liners are made of steel a „H • 
, . UJ - steel and comprise slots 

having a length of at least i «; m» . sxots 

2 ^ Aea8t 1S mm and a width of at least 

It is observed that US patent specification 1,135,809 
discloses a well screen with staggered axial slots The 
screen according to this prior art re£erence . J^J^. 
installed downhole without being subject to any 
significant expansion or other deformation, so that the 
slots remain in their original elongate shape 

The invention also relates to a method for installina 
a tubular we il screen in a hydrocarbon production ^l * 
the method comprising arranging the screen around an 
expandable slotted tube, lowering the screen and tube 
assembly into the well, inducing the tube to expand by 
axially moving an expansion cone therethrough, thereby 
increasing the internal diameter of the screen with at 
least five per cent while any variation of the sieve 
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opening ei 2e of each f<i. 

Optionally the se 
a-und a drum and reeled"^ ^ ia ^ 

^ing installation. *" ld dnw int ° the well 

It is observed that p„>- 
*»■ «4 0 9S disclosed ZlT™ Pat6nt ^1-ation 
a drum during installation T :r;; o r hiCh 13 *«- 
expanded, however, durinq th. SCr6en is not 

m an alternative e2J "illation procese . 
«- Mention c^ e ^ ^ ^ ^ *™g to 
tube into the well, inducing th e T****^ 1 ' ^tted 
injecting granules ^ ~ 

expanded tube and w lping the * * agent into the 

a-y from said interior into the " W ^ 

tube and any gaps that J^?***** of the 

expanded tube and the boJl^ the 
^ding agent to cut H ^ "* «*. 
bonded solid particles i s f^L^ " perm eabl e matrix of 
"Us the expanded slots anl * SUbst an t iall y 

expanded t ube and the ^TlT ^ 

The coated granules may consist of • 
granules having a diameter between ! 

injected via injection parts l * " Un Which are 

-ne and a w iper set "~ i™- ^ 

expansion 

«-r to wipe the granuL^oT ^ ^ ~ 
expanded tube into the sln / interior of the 

tube. thC Slots -d any gape surrounding the 

These and other featu™- 

become apparent from ch. »~ invention win 

«« not iilnntrated. d ° Cher e »*«P'es chat 
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In the accompanying drawings: 

Fig. 1. shows a cross-sectional view of a segmented 
screen which is lowered into a well between two 
unexpanded slotted tubes; 

Pig. 2 shows a cross-sectional view of the screen 

tube ~ y of T 1 after ™ - - ™ 

Fxg 3 xs a sxde view of a section of one of the 
fxlter sheets of the segmented screen of Pig . 1 and 2 
shown at an enlarged scale- 

enlarged scale; at an 

Fig. s is a side view of a section of the expanded 
carrier and protective tube of Fig. 2 6nown at an 
enlarged scale; and 

Fig 6 is a schematic longitudinal sectional view of 
an expanding slotted tube where resin coated granules L 

aTj^ ^ * ^ ^ — ^ ~- 

bo, ^* errin9 n ° W t0 Pi *' 1 ™* ^ there is shown a 
borehole l passing through an underground hydrocarbon 
bearing formation 2. 

An assembly of an expandable slotted carrier tube 3 

sheets TZT COmPriSin9 f ° Ur ^ fil -r ' 

sheets 4 and an expandable slotted protective tube 5 has 
been lowered into the borehole X. 

Each filter sheet 4 is connected near one edge to the 
carrxer tube 3 by a lug s such that at an opposite edg 
it overlaps an adjacent sheet 4. 

The lugs 6 pern.it the f il ter 8heet8 4 tQ move 

rnabi r T Ct " tUbC 3 — iD that -V to 

enable the axial contraction of the carrier tube 3 as a 

result of tangential expansion to be compensated for by 

a~al sliding of the filter sheets 4 over the carrier 
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In Fig. i the asse(nbl 

that the slots 7 of th. ► V ""expanded form so 
elongate longitudes * ^ ^ **" 3 - « 
seen in circumferential d^L aTw^ 

—r sheets 4 in a long ;™ re tr: h Fi9 h 4 - the 

may also be wrapped helically around T ***** 

at euch Pitch angle that t JZT^T" tube 3 

the expansion in longitudinal direct LT ^ 
the same way as the alotted tube 7 tl0n ln 8 ^stantially 

- slide rela tive to the inner - ^ ^ 

in the embodiment shown the sheets a 
Perforated nickel foil wh ich i ^ " * 

In order to further reduce friJL T «'«*^. 
the f Uter sheets 4 may J ! ^ eX P ans i°n 

slots instead of the^ul aubst * ntl *»y Agential 

^9. 3. The wilth o k Perf ° rations «hown in 

change si^t ZlT^ZT ^ ~ 
within the borehole i. of the assembly 

Instead of using a nickel fn n r 
sheets 4 these «h« I ° r the filte r 

« these sheets may also be made of anoM, 
material, such a » another 

touted oaotaMUe sock or a .crolZ T ** " 

aaca only par^Ao^ 1 ^ car ! a"" 
single scrolled filter- . earner tube 3 also a 

secured » f * Used whi <* is not 
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«y be spec welded or connected by other mechanical 
fasteners to the carrier tube. 

instead of connecting each filter sheet 4 at its 
msxde edge to the carrier tube 3 as shown in Pig x it 
■nay also be connected near its mid-line to the Jrrier 

Ltt iv rr: any distortion and 

Tri* 2 J 4 dUrin9 the expansion 

in Fxg. 2 the assembly ifi shown . n ^ 
so that the slots 7 of the slotted tubes 3 Zd 5 havH 
TsZZl ShaPe Z 8 ^ 8Cen ^ S - mansion :r t he 

t r°^ li8hed ^ m ° Vlng a " ^nsion cone 
through the steel carrier tube 3 as described in 

international patent application PCT/EP93/01460, whereby 
the expansion of the carrier tube also induces the out« 

iz^:\7r untn * substa ™ ™ - 

filt!r ri H 9 T eXpanSi ° n PrOC ^ s —^p between adjacent 

len^l 4 13 redUCSd ' thC Preferential 

length of the scaled sheets 4 is selected sufficiently 

stin at ieast - — — 

As illustrated in Pia 3 thu 
^ 9 cne fll ter sheets 4 consist 

of perforated plates and the width of the perforation 
remaxns substantially the same during and after the 
expansion process. However, the carrier tube 3 will 
contract slightly in longitudinal direction as a result 

11*™™ Pr ° Ce8a - Theref ° re iC iS ed to 

arrange the lugs S within slots which per.it the lugs e 

to slxde xn longitudinal direction relative to the 

ZTofV '• 1 HOWCV€r ° f USi ^ front 

edges of the fxlter sheets 4 may also be secured to the 

re\"lT tUbe 3 * ^ Weldin9 " ^ SUCh ~ -V 
of the f"! 80 " h l0n9itUdlnal of the front edges 

of the fxlter sheets during the expansion process if 
these front edges have a longitudinal orientation 
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However, alternatively the fr0 n^ * 

sheets 4 may have a " V Cd9es of the fii ter 
carrier tube " SUcn «*tiv. to the 

«y - wrapped^! a S y ~ ~ ^ — 4 

that opposite edges of h U e V^" ^ 3 SUCh 
-her both in the 

the carrier tube 3 . expanded position of 

against the borehole wall 11 bv Dlll , «panded 
12 upwardly through the tune ^ ' eXPan8i ° n 

The cone 12 is suspended at i-ho i 

tubi„ 9 13 via „ hlch ^ tTJt, end ° £ a coilM 
-hie PMS via injection w « t Z r, 14 are 

into the interior of the «~*h c ° ne 12 

die t -.haped wipers »t SSTL.^ "' * ° f tWO 
» which press the ^^^Tl""' * 3 
expanded tube 10 into t-ho I interior of the 

» -,t „ y he pr"" Zll " ~ 
the expended tube „. « tet Zl ' T t T " ^ 

granules sre bonded to . t ^ " l " the 

-hich mu che Cnde s™ s^ C ? !' ™» 
hcnded to the ri*s o £ these L £° d "." 
grannies 14 is seiected snch thst the *T " "* 

granules „ £or . sieve openin^otTs "~ 
Prevent in^es o £ sand^ains" „ "'f " 

rrr ■ * — - u -r™ 

Another deformable well 
seven layers of wire LZ "** COn3tructed *«* 

weave pattern li^tJT " *" 3 PUin -"angular 

ooenina ! "spectxvely the following sieve 

opening sxses: S000/,S0A«/«2S/32S/,SO/SO00 ,« 
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formTl ^"^^ t09ether in * — to 

form a plate, which was then rolled into the f or* x>f a 
tube and seam welded. ™ * 

350 !! e io ayerS . C ° nSiSted ° f Sh6etS ° f W ° Ven -sh of 

350 mm long and 170 mm wide which were sintered to^H 

xn a vacuum furnace between two plates of ollTielZ 

ceramic. These plates were pressed together by a L 

:iT-c r;; ateriai was sintered f ° r *« - 

1260 C and a pressure of l 0 -4 Pa . The 
allowed to cool in the furnace under vacuum 

^uT^llTT" 9 PrOCedUre StaCk ° f l *Y*** was 
about 9 mm thick. It was then rolled in a rolling 

a thicks of s ™ in one pass and - «» - 

further four hours under the same conditions 

The sintered plate was subsequently cut to a lenath ' 

I 0 2 Z ^ Pl3Ced ^ a 3 - rOU ~ i the 

170 mm edge parallel to the roll axis and rolled to make 

a tube of about 100 mm diameter and 170 mm long. 

The seam was then brazed. However, if desired i- 

would have been possible to weld the seal Z Th ' thus 

created tubular screen the layers with the « 

sizes of 162 and 325 urn act./ * 

ana 325 urn acted principally as the filter 

layers whereas the other layers, viz those with sieve 
opening sizes of 62S, 950 and S000 urn acted essentia as 
protective layers. The filter layer with th. f ! 
opening size i e 162 um ln6St SieVe 

with tL M ' surround <* the filter layer 

with the coarser sieve opening size, i.e. 325 urn to 
reduce sand accumulation within the screen 

woven h !- f0ll ° Win9 teStS W6re CarriCd ° Ut » ith entered 

A sh lre ,T Ve Plat6S aCC ° rdiD9 t0 the Mention, 
comor Sh °r K length ° f 3 tub "^r sieve plate was axially 
compressed between platens in a press to reduce its 
length by 10*. The tube walls showed incipient buckles 
» obvious changes in sieve opening size were found In a 
visual inspection. The length changes in the finest mesh 
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accommodated by bulging outwards b., 

coarser me ah . with appLj J ^ ^ ° f the 

and sieve opening di^nsLns " °' ™~ P ^ e - 

Furthermore a disc nf 

- ^ c.n. so : .™ r: ™ eh r «- . 

iron, a hydrocarbon fl„ id J^T . "00 9 „»„ 

U- -thenand,. lir at J tr la" n" !" ° i " tbU "°- 
S * M — the screen £ „ r . ^"" e ' :ta,U9,, the 

throucn the eoreee 5 „.. The ^ «K»ity 

T t acr r r - d ~ •~ ™ p ov - — 

«. Lrr; r,:::^ ~-~ — -u . £ter 

It was concluded from this test th*- .u 
«tabil i2ed the sand sufficient ill 

^ration of the f ine sand . £«™ si gn if icant 

Plugged to the extent that a sT2ll "** n ° C 

Pressure drop resulted. B1 ^ £ ^ increase in 

prct^ti:: ziiz^T that the combinati - ^ 
«** wire w it y h"it:i;:n:: h - and — <«■ 

entered together creates Vr^t «»* - 

sxeve 8i2e . sintering the varied . 3 fine 

P"duces a screen having a sectL mTf 
neater than the sum of sect" iS 
layers. section moduli of the individual 

The weaving patterns and wire 
layers can be selected to g^the T T " Vari<>US 
strength and compliance in radi^ ^ COmbinati - of 

longitudinal directions so tZL ^^ 1 « 
a self supporting tube which! £ SCr6en ^ "*» as 

into the well and thtn eland 7, r6eled £r ° m 3 
Tf Cnen ex Panded downhole. 

tne predominant weaving 
P«".l to the tohe a*. aTth."™ *" "« "«P — 
over and under the weft tw, ^ h " aas « e »«■* 

tel.ti.exy nodUtortld ,L oT^t,' ™ 

s tor example ln reversed plain 
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Dutch weave or reversed Dutch twill) then the yield 
strain in longitudinal bending will be relatively -high 
but at relatively low stress, and the tube can be easily 
bent; while if the weft threads are bent and the warp 
threads straight (plain Dutch weave or Dutch twill) the 
tube can be more easily expanded or reduced in diameter. 
If the warp and weft threads are at an angle of 45 • to 
the tube axis (as in helically welded tube) then a square 
mesh weave will be deformed to a diamond pattern as a 
result of any deformation causing length or diameter 
changes, and the sieve aperture will only change slightly 
and by a predictable amount. If two layers of the fiae 
mesh are separated by coarse mesh, sand eroding the first 
layer will accumulate in the space between the two layers 
and offer some protection against erosion to the second 
layer, not only by forming a barrier but also by locally 
reducing the permeability and hence the flow. If the 
outermost fine mesh has a smaller sieve opening size than 
the next fine layer, then any material which passes 
through the outer fine layer may also pass through 
subsequent fine layers, reducing the tendency of the 
screen to internal plugging. Preferably the sieve opening 
size of the outermost filter layer is at least two times 
smaller than any of the other filter and protective 
layers . 

Yet another deformable well screen was made of a 
non-woven needlefelt consisting of araraid fibres which 
is marketed by the company Duflot under the trademark 
"KEVLAR" EA 205. 

The needlefelt was 4 mm thick, had a weight of 
400 g/m 2 and was manufactured by needle punching. 

A needlefelt sheet was brought into a tubular shape 
and the engaging ends of the sheet were stitched 
together. The thus formed tubular screen was then 
arranged around an expandable slotted tube which 
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The test was repeated with a silt fraction of is M m 
to 63 pm, smeared onto fche screen wh . ch y . elded ^ 

similar favourable result. 

Further the longevity of the needlefelt screen was 
tested by clamping it between steel plates with 
circular holes of various sizes. The steel plates were 
located such that the corresponding holes in the 
respective plates were co-axial. The plates with the 
needlefelt exposed at the location of the holes were 
then sandblasted for substantial periods. 

No damage to the needlefelt screen was observed 
after the test for the holes smaller than 5 mm 
diameter. 

It was concluded from the various tests that a 
needlefelt or other geotextile fabric is suitable for 
use as a deformable sandscreen. It was also concluded 
that such a screen can be made and installed in a cost- 
effective manner by arranging a tubular fabric layer 
between two perforated co-axial pipes. Such an assembly 
of fabric layer and pipes can be reeled on a drum and 
transported to the wellsite. where the assembly is 
reeled from the drum into the well. The fabric layer 
may consist of an elongate strip which is wound 
helically around the inner perforated pipe such that 
adjacent windings of the strip at least partly overlap 
each other. F 

The above assembly is particularly attractive if a 
screen of substantial length is to be installed in a 
compacting reservoir. 

Alternatively a tubular needlefelt or other fabric 
layer is arranged between a pair of co-axial expandable 
slotted tubes. In such case the fabric may also consist 
of a strip which is wound helically around the inner 
expandable tube such that a substantial overlap exists 
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between adjacent windings of th* • 

of the tubes. S " lp befo " 

expansion 

Reference is now made to yet ano .-h 
the deformable tubular well ZT e *oodi«.ent of 

invention which is not aiust^d TT"" <° ^ 
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over the surface of the screen Th^ . ! * 

— - a — ^ which Ld L o^" ^ ^ 
internal diameter of about 145 „„„ I eXPanSXOn *» 
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Pitched S per 24. s mm lonllZ^Z „ ^ ~« 
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Protective tubes were pitched at 2 \ Z T 
and 4.2 mm circumferentially ' " Wtudinally 
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between the assembly and casing and a substantially 
uniform expansion of the protective tubes and the nickel 
sand screen. As a result of the expansion the slots If 

and 2 T SCreCn ^ ° Pened UP C ° 3 dia - nd — P- 

and the smallest width Qf ^ ^ 

°- 4 " W3S con ^«ded that small variations in the 

slot widths were due to slight variations in the exact 
amount of expansion and that these variations were within 
acceptable limits. *»«mn 

M A ,f l0 V eSt Carri6d ° Ut dUrin 9 whi <* tap water 
was allowed to flow via three inspection holes Lough 
the screen at rates of between 8 and 10 litres per 
mxnute. During the test the pressure drop across the 
screen remained between 0.1 and 0.2 bar. 

A ten metre long version of this screen was installed 

show that not only does the screen control sand 
production without the need for gravel packing but also 
that the well-s productivity is unimpaired compared to 
its productxvity before installation of the screen The 

IHZ T n ° Si9nS " PlU39i - ~ * «*• 

period of production. 
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1. A deformable well screen for preventing »• 

solid particles into a hydrocarbon I T "^"tion of 

screen comprises at least onl ^ Pr<>dUCtion well » which 

by the screen, which filter layer i/d T ! l0Cked 
it can be expanded bent ™ deformable such that 

during installation o t^e scTlInT 

any variation of the sievl III WeUb ° re that 

layer as a result of 2Z ^IZ" ^ " "* 
Predetermined limits. def01 — -mains within 

2. The well screen of cl wherein ... 

radially expandable by moving an ^ 4 iS 
axial direction through the IZrTToTZ^ 1 * "» 
the sieve opening si 2e of each *Zll f SLTT" ^ 
remains fairly constant or varies in 1 T *** 
uniform manner during expansio n o o^TT^ ^ 
of the screen. other deformation 

3- The well screen of claim i or 2 „h. • 

screen is coilable aro»nH V wher ^n the well 

well by reeling the * ^ ineta11 ^^ into a 

4 tkI „ screen from the d ™>- 

4 • The well screen of claim 1 2 or 3 », 

tube and which wh.n = ex Pandabl e slotted carrier 
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expandable slotted protective tube surrounds the filter 
layer. 

6. The well screen of claim 4 or 5, wherein the filter 
sheets are made of a flexible permeable material which is 
selected from the group of a perforated metal plate a 
metal plate comprising an array of substantially 
tangential slots, a sintered woven metal wire and a 
synthetic fabric. 

7. The well screen of claim 1. 2 or 3, wherein the 
filter layer comprises an expandable slotted tube of 
which the slots and any gaps between the tube and 
borehole wall have been filled in situ with granules that 
are bonded to each other and to the rims of the slots by 
a bondxng agent such that pore openings of a selected 
size remain between the granules. 

8. The well screen of claim 1. 2 . 3 or 7 , wherein the 
screen comprises an expandable tubular body with 
longitudinal micro-slots that are arranged in a 
staggered and overlapping pattern, which micro- slots 
substantially have before expansion of the tubular body 
a length less than 10 mm. 

9. The screen of claim 8. wherein the tubular body is 
made of nickel and the micro-slots substantially have a 
length less than 5 mm and a width less than 0 3 mm 

10. The well screen of claim 1, 2 or 3, comprising 

- at least one deformable tubular filter layer which is 
made of a woven metal wire screen; and 

- an outer protective layer which co-axially surrounds 
the filter layer or layers and an inner protective layer 
which is fitted co-axially within the protective layer or 
layers, which protective layers comprise each a woven 
metal wire screen having a larger sieve opening size and 
wire thickness than at least one of the filter layers 
and wherein the filter and protective layers are sintered 
together. 
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11. The well screen of claim lo. wherein .r i 
filter layer comprises wires wh " le * St <~ 

substantially helical w« • oriented in- a 

centra S^^T """" <° * 

overlapping helio.1 pattern ^trally -on- 

The wen ecree „ o£ one of claims ,„.,, „ 
prising ,„ inner d >™ s "-13. coa- 

— to each other a d ^ ^ — « ™ co- 

layer w hleh ,. „ de o£ ^"" ed an intermediate 

opening than thTmter , * 

the mter C " ^ ^ - — «• Entered to 

a s~Uer sieve opening tn I! tn ^ 
15. The veil ecte !„ "° 9 , lnn « l«yr. 

Pair of inner protective layers is tLL " n ' i * 

inner filter layer and whereto t k """" the 

proteotive layer and thl f «"«»t outer 

have a •^^^7"'^ ^""^ ^« 
«• The wan aeraen oTclILTV ° th " U '«"' 

acreen coopri.e. at lea J " Wh " ein "* 

eahatantian^de orr^L""" *~* * 

18. The well screen of claim 16 or 17 wh 

fah»-i^ • or 17 « wherein said 

rabric comprises a. needlefelt co»nr,».,». 
selected f™ -k comprising a material 

from the group of steel wires and synthetic 



WO 97/17514 



PCT/EP96/04M7 



- 23 - 

fibres, synthetic fibres selected from the group of 
aramid fibres and synthetic fibres selected from the 
group of -CAR1L0N- polymer fibres. 

19. A method of installing a deformable well screen in a 
hydrocarbon production well, the method comprising 
arranging the screen around an expandable slotted tube, 
lowering the screen and tube assembly into the well, 
inducing the tube to expand by axial ly moving an 
expansion mandrel therethrough, thereby increasing the 
internal diameter of the screen with at least five per 
cent while any variation of the sieve opening size of 
each filter layer of the screen is less than fifty per 
cent. 

20. The method of claim 19. wherein the screen and tube 
assembly is wound around a drum and reeled from said drum 
into the well during installation. 

21. A method of installing a deformable well screen in a 
hydrocarbon production well, the method comprising 
lowering an expandable slotted tube into the well 
inducing the tube to expand and the slots to open' 
injecting granules coated with a bonding agent into the 
expanded tube, wiping the granules substantially from the 
interior of the tube into the slots and any gaps between 
the tube and the wellbore, and allowing the bonding agent 
to cure. 

22. The method of claim 19, 20 or 21, wherein the screen 
is installed in a compacting hydrocarbon reservoir which 
induces the screen to deform gradually in longitudinal 
and other directions after installation. 
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